The aim of the present study was to characterize the modification of anti-oxidative biomarkers, as well as hematological and protein metabolism biomarkers, in four-beat gaited horses after the marcha gait simulation test (MST). Twelve adult Mangalarga Marchador horses were submitted to the MST and blood samples were taken at four time points: pretest/fasting; immediately after the MST; 15 and 120 minutes after the MST. The following measurements were taken: red blood cells count, hemoglobin, hematocrit (HT), white blood cells count, lymphocytes (LYMPH), platelets (PLAT), mean corpuscular volume (MCV), mean corpuscular hemoglobin concentration, the standard deviation of red cell distribution width (RDW-SD), the coefficient of variation of red cell distribution width, glutathione peroxidase (GPX), superoxide dismutase (SOD), total plasma proteins (TPP), uric acid (AcUr), urea (URE), creatinine (CREAT), and albumin (ALB). The results were analyzed using analysis of variance and Tukey test (P < .05). The results confirmed reductions in GPX and SOD (P < .05) and increases in AcUr, TPP, ALB, URE, CREAT, red blood cells count, HT, Hb, white blood cells count, LYMPH, PLAT, MCV, and RDW-SD (P < .05) immediately after the MST. Lymphocytes reduced after the 120-minute recovery period (P < .05). In conclusion, the MST significantly decreased the antioxidative biomarkers, immediately after the MST, and produce the changes in protein and hematological biomarkers. These results are important for this group of athlete animals, who may participate frequently in competitions with short intervals between gait tests.
Introduction
Exercise and regular training are associated with increase in reactive oxygen species (ROS), and these metabolites have correlation with muscle fatigue and, sometimes, important inflammation and damage in different tissues [1] . Also, the physical conditioning produced physiological and metabolic adaptations, favoring the contribution of energy compounds and protectors of several cellular functions, including those that combat oxidative stress (OxS). Therefore, an understanding of the adaptive processes that are active during physical activity is important to assess clinical condition, performance and, especially, the recovery of athlete horses after training and competitions [2] . Regular assessments of these biomarkers could improve our knowledge about physical exercise and the horse's performance, while also preventing illnesses, thereby favoring the well-being of athlete horses throughout their sporting lives.
Marcha gait is natural, dissociated, four-stroke walking, during which the rider maneuvers the animal with stability and comfort, and is characteristic of certain breeds around the world [3] . In Brazil, marcha gait can be classified as batida, picada, or centro, none of which involve suspension, and can be known by other names in different horsebreeding areas. Several studies have shown that marcha gait is an aerobic exercise of low-to medium-intensity and long-duration, in which horses usually move at a mean speed of 3.0-4.0 m/s, with a mean heart rate of approximately 140 bpm in the marcha gait phase [4, 5] . This type of movement is greatly appreciated in different parts of the world, although as yet, no studies have demonstrated how OxS biomarkers adapt to gait exercises in these breeds.
In recent years, researchers have realized the importance of understanding the effects of physical exercise and the regulation of OxS on athlete horses. Several publications have shown that physical exercise, in different equine disciplines, can favor the oxidative process in detriment to the antioxidative process, thereby enabling the production of free radicals, which have been correlated with the pathophysiology of several equine diseases [6] [7] [8] and may contribute to increase the time to recovery. These OxSrelated injuries can occur when there is an imbalance between the increase in the production of free radicals and/or the low production of antioxidant cellular systems, which fail to control and eliminate these substances. This imbalance is known as OxS [9] .
The four-beat gaited breeds are found all around the world and their gaits have different names. With the discovery of the DMRT3 gene, which is correlated with the way how the limbs do association during movement [3] , it became clear that a better awareness of metabolic and OxS biomarkers would be important to understand the expression of this gene and the performance of animals during progressive and dissociated gait. Very little information exists that correlates possible alterations in antioxidant, protein, and hematological metabolism biomarkers during the typical development of aerobic exercise among fourbeat gaited horses. Therefore, the aim of the present study was to characterize the adaptations of OxS, hematological, and protein metabolism biomarkers in four-beat gaited horses after a marcha gait simulation test (MST). These data will contribute to the development of feeding and supplementary programs that seek to recover antioxidative capacity, thereby improving the animals' performance and contributing to the well-being of this group of athletes.
Material and Methods

Animals and Management Systems
Twelve Mangalarga Marchador horses (seven male and five female), with a mean age of 6.0 AE 1.5 years and a mean weight of 423.0 AE 17.0 kg, were used in the present study. All the animals were from the same training center and received the similar nutritional provisions, with w6.0 kg/ day/animal of concentrate (16% protein; 4% fat; 12% crude fiber; 2.3 Mcal DE/kg), plus w16.0 kg/day/animal of fresh elephant grass (Pennisetum purpureum). These nutritional provisions were in line with exercises classified as medium-intensity and medium-duration [10] . The animals also had access to fresh water and mineralized salt ad libitum. The animals were trained 3 days per week for 60 minutes (w60% marcha gait @ w3.5 m/s). On the other 4 days of the week, the animals were released into a "dry-lot" (0.5 hectares) for approximately 8 hours per day, with the rest of the day spent in individual boxes (4 Â 4 m). Before the MST, each horse rested for, at least, 2 days.
All the horses were submitted to the MST individually in the morning, between 7 and 10 AM, after 12 hours of fasting, as previously described in the literature [5] . The test involves 10 minutes at walk, followed by 30 minutes of marcha gait, and a recovery at walk of 15 minutes, while mounted, all of which was conducted on a competition circuit of firm sand. The horses that took part were not fed with concentrate or forage until 2 hours after the MST, although they did have free access to fresh water and mineralized salt. All the procedures used in the present study were in accordance with the animal care directives of the Federal Rural University of Pernambuco (UFRPE/CEUA #026/2013).
Blood Collection and Biomarker Analysis
Blood samples were collected from the jugular vein into precooled vacuum tubes with sodium heparin and without anticoagulant, at four time periods: pretest/fasting, immediately after the MST, and 15 and 120 minutes after the MST. Samples from the tube containing sodium heparin were used to measure the red blood cell (RBC) count, hemoglobin (Hb), hematocrit (HT), leucocytes (LEUC), lymphocytes (LYMPH), platelets (PLAT), the mean corpuscular volume (MCV), the mean corpuscular hemoglobin concentration, the standard deviation of red cell distribution width (RDW-SD) and the coefficient of variation of red cell distribution width (RDW-CV). These measurements were taken using a veterinary hematological analyzer (Sysmex pocH-100iV, Roche). The concentrations of glutathione peroxidase (GPX) and superoxide dismutase (SOD) were determined using commercial kits (Randox -Ransel) and a semiautomatic biochemical analyzer (Doles D-250, Doles). Total plasma proteins (TPPs) were determined using refractometry.
The sample without anticoagulant was centrifuged (3,000 rotations per minute for 5 minutes) to obtain the serum, which was then used to measure uric acid (AcUr), urea (URE), creatinine (CREAT), and albumin (ALB), together with commercial kits (Doles) and a semiautomatic biochemical analyzer (Doles D-250, Doles). All the samples were analyzed on the same day as the blood collections and all samples were analyzed in duplicate. The coefficients of variation (intertrial and intratrial) for all the parameters were under 10%.
Statistical Analysis
The results were submitted to analysis of variance for repeated measures with one factor. Tukey test was used as a post-hoc test to compare the mean values. In both cases, the P value was set at 5%. SigmaPlot 13.0 (SigmaPlot 13.0, Systat Software, Inc) software was used for all the statistical analyses, and the results were expressed as mean AE standard deviation values.
Results
The results showed that the MST can reduce antioxidant protection in four-beat gaited horses immediately after the test. In the present study, GPX and SOD decreased immediately after the MST (P < .05) and returned to pretest values within 120 minutes after the test (P > .05). In contrast, the AcUr also increased after the MST, when compared with pretest values (P < .05), and TPP and ALB increased after the MST (P < .05), with the highest concentration of both recorded immediately after the MST and the lowest concentration recorded before the test. Total plasma proteins remained high after the 120-minute recovery period, when compared with the pretest values (P < .05). Urea only increased 120 minutes after the MST (P < .05). Creatinine increased significantly after the MST, when compared with the pretest values (P < .05) ( Table 1) .
Analysis of the hematological biomarkers showed that they all increased immediately after the MST (P < .05), and then decreased gradually, but remained higher than the pretest values after the 120-minute recovery period. White blood cells (WBCs) and PLAT values increased significantly after the MST (P < .05), with the highest values recorded 120 minutes after the MST and reduced values recorded 15 minutes after the MST. Lymphocytes increased significantly immediately after the MST (P < .05) and reduced significantly 120 minutes after the MST, when compared with the pretest values. Mean corpuscular hemoglobin concentration and RDW-CV values did not change during the experiment (P > .05; Table 2 ).
All the animals completed the MST without exhibiting signs of fatigue, lameness, or any other illness correlated with the MST in the 3 days after the test had been completed. The mean velocity of the animals was w3.28 m/s and the combined load (rider and harness) was w91.0 kg. The climate was stable during the days of testing, with mean temperatures of w29 C and mean relative humidity levels of 60%-80%.
Discussion
In the present study, the effects of the MST on SOD and GPX concentration were demonstrated and showed that these biomarkers were reduced immediately after the MST (P < .05) (GPx w11% and SOD w26%), and returned to pretest values within 120 minutes after the test. Therefore, among four-beat gaited horses, aerobic exercise was able to modify the concentration of important antioxidant biomarkers, such as SOD and GPX, even with decrease in plasma volume by increases in RBCs, HT, and TPP immediately after the MST. These findings could be significant for this group of animals, given that they may perform marcha gait challenges at intervals of less than 24 hours during competitions.
Exercise is a powerful stimulus for the production of ROS. In high quantities, these ROS can be associated with exercise intolerance among the animals, as well as horses' poor performance in competitions [1, 11] , which in turn lead to early fatigue and delay in recovery. Superoxide dismutase is an essential enzyme for the survival of erythrocytes [12] and GPX is an enzyme that, together with other antioxidant substances, participates in the transformation of ROS, playing a vital role in antioxidant cellular defense (hydrosoluble phase) in different tissues [13] . However, there is no information about possible modification of these biomarkers in four-beat gaited horses submitted to their typical challenges, despite of the importance of this horse's group for the equine industry in different countries. However, in endurance horses, which do typical aerobic exercise, occur elevated demand for antioxidants and a large decrease in blood glutathione and vitamin C during competitions, and supplementation with oil rich in antioxidant products are frequently in this equine discipline [14] .
Different experiments have shown that exercise with certain foods, principally oils with elevated concentration in omega 3 and 6, favor modifications in the concentrations of SOD and GPX. Recently it was shown in four-beat gaited horses, which were under typical training protocol and supplemented with blend of oil, rich in omega 3 and 6 plus vitamin E, had an increase in SOD (w51%) and GPX (w12%) concentrations [15] . Also, a study conducted with different breeds of athlete horses, where made comparisons before and after moderately-intense exercise, found interesting results associated with antioxidant biomarkers, where in the Ukrainian riding horses, there was a significant increase in SOD and GPX (w12.7 and 17.19 U/mL and 0.84 and 0.88 mmol/min/mL, respectively), but in the Holsteins horses, a significant increase in SOD was recorded (16.39 and 26.88 U/mL), whereas GPX was significantly reduced (2.69 and 1.70 mmol/min/mL), indicating that OxS directly depends on the characteristic of the exercise and their effects over different tissues [14, 16] . Moreover, in racehorses and pentathlon horses, it was demonstrated significant decrease in the antioxidant biomarkers that reduced OxS [17, 18] . In the present study, the concentrations of SOD and GPX immediately reduced by w26% and w11%, respectively, demonstrating that marcha gait is capable of increasing the consumption or reduce the production of these important biomarkers in this group of horses in South America, similarly what was observed in endurance horses [14] . In contrast, other studies have shown that exercise does not affect the variations in OxS biomarkers in athletic horses. In endurance horses, to assess GPX before and after 80 km, it was found no significant differences between the collections (33 AE 5 and 39 AE 7 mU/mg, respectively) [6] . Also, another study of endurance horses confirmed no significant variations in GPX levels after 80 km, with variations of w43 and w53 mol/mg/Hb/min, before and after 80 km, respectively [19] , and in racehorses submitted to a treadmill test and a racetrack test, it was found no significant differences between the different types of exercise for GPX and SOD [11] . Nevertheless, resistance exercises, like endurances and marcha challenges [4, 14, 20] , tend to cause a high loss of water, which in turn increases the concentration of the blood parameters during the ride and in the recovery phase, possibly hiding certain modification of these biomarkers. In actual study, the MST also produced an increase in HT and the concentrations of TPP, causing a reduction in the plasma volume, which produce increase in some biomarkers analyzed here.
Uric acid is a product of the oxidation of xanthines, in the purine metabolism, and is an important nonenzymatic antioxidant, which is found in greater quantities in plasma than antioxidant vitamins C and E [21] . In the present study, significant alterations were found in the different phases of the MST, which contribute to elevate the general antioxidative capacity of marcha horses. Like in the present study, previous research of different equestrian disciplines has highlighted an increase in AcUr during physical exercise, which returns to normal after a period of rest [22, 23] , which is important to the animals' recovery. This increase during exercise is caused by the degradation of adenosine triphosphate and the primary reaction of the antioxidant defense against the production of ROS at the time of the most intense exercise [23] . This result was expected, and could reflect the satisfactory level of conditioning of the animals and the breeding system used, with fresh forage and rest periods in the dry-lots. Also, it is important to observe that AcUr concentration found here, in all phases of the MST, were lower than those described in the literature [20, 24, 25] , but the level of exercise and the nutritional differences may have influence in these concentrations.
The HT, and concentrations of TPP and ALB, when combined should be used to assess the level of hydration in practical conditions. Therefore, when electrolytes and fluids from the vascular compartment are redistributed to extracellular areas, ALB and TPP may increase significantly [26] . In the present MST, the concentration of TPP rose in the final stages and remained high until 120 minutes after the test, despite the fact that the animals had free access to fresh water and mineral salt. Other studies of marcha gait horses have also noted that this dehydration continues until more than 4 hours after the end of the MST [4, 27] . In the present study, the TPP and ALB values for the resting and fasting animals were considered normal for adult horses and similar to other studies with marcha gait horses [4, 24, 27, 28] , given that the animals that participated in this research were healthy and in good athletic condition. The recovery of water balance in this group of animals, apparently, was slow, which could have an impact when the animals perform successive competitions over the course of a day, and these processes may contribute to increase the OxS during recovery period, like occur in endurance horses.
During exercise, there may be an increase in the metabolism of proteins by muscle degradation and consequent modifications in the concentrations of URE and CREAT. In the present study, the concentration of URE increased 120 minutes after the MST, which may be the result of some protein degradation in skeletal muscle during and after exercise, corroborating earlier studies that have demonstrated modifications in the protein metabolism of this tissue in horses, as well as the slow recovery of the plasma volume and water balance [4, 27, 28] . In addition, modifications in the concentrations of URE and CREAT may be caused by the hepatic metabolization of nitrogenous compounds, and could be an indicator of the use of gluconeogenesis as an alternative energy production route. It was previously demonstrated the significant consumption of free glutamine during the recovery period of marcha gait horses [27] . Glutamine and alanine are largely produced and released by skeletal muscle during exercise and contribute to energetic metabolism [27, 29] . Also, a study of endurance horses, who typically perform aerobic exercises, confirmed increases in CREAT [30] . However, the values reported in all phases for URE and CREAT here were similar of the normal range for horses [24] . Physical exercise causes variations in plasma volume and the release of cortisol, leading to modifications in hematological biomarkers. In the present study, RBCs, HT, Hb, MCV, PLAT, and RDW-SD increased immediately after the MST, as previously reported in similar experiments [4, 20, 27, 28] . In horses, splenic contraction is also responsible for this increase, given that the globular volume can increase by as much as 40% because of the combination of this factor and the redistribution of the circulating volume, thereby increasing arterial blood pressure [1, 31] . An increase in the globular volume stabilizes the concentration of blood oxygen during intense exercise and increases the concentration of Hb after the exercise [32] . This process is important in athlete horses, because it carries oxygen to the tissues and helps to remove the compounds formed, including URE and CREAT.
Analysis of the WBCs of athlete horses is important to determine their stress levels and the response of LYMPH to exercise. Several authors have noted an ideal ratio, around 1.5:1, between neutrophils and LYMPH in horses [2] and have suggested that imbalances in this ratio could be linked to overtraining [2, 31] . In the present study, a greater neutrophils:LYMPH ratio was recorded (2:1) at rest, which decreased after the MST, and these results may indicate that the animals adapted to the marcha exercise. Analysis of WBC in the present study showed that there was a transitory increase of LEUC and a decrease of LYMPH after exercise and were similar to other studies [32, 33] . Also, earlier studies of horses that performed different exercise challenges have shown that LYMPH concentration is reduced during the recovery phase [20, 34] , and may have association with reduction of the antioxidative biomarkers in these cells, but these aspects need more attention in marcha gait horses.
The MCV and RDW values in horses are important when seeking to identify possible modifications in erythropoiesis. The MCV is the parameter that is most commonly used to classify anemia and assess the response of the bone marrow, although a great number of erythrocytes must be modified to modify the MCV [35] . In the present study, the MCV was high and directly correlated with the increases in RBCs and HT, although it still remained within the normal values for the species, as previously described by Kaneko et al [24] . The RDW-SD is the standard deviation of the distribution curve of erythrocytes, and this index is a direct measurement of the distribution curve of erythrocytes. In the present study, a significant difference was found immediately after the MST, remaining closer to the values found among the resting and fasting animals, similarly to MCV. The values found in all phases were higher than those reported by Miranda et al [36] and corroborate the findings of Smith et al [37] , who reported an increase in the size of the erythrocytes and attributed it to the liberation of cells by the spleen. Another biomarker for the mean size of the erythrocytes is RDW-CV [38] , and in the present study, there were no statistically significant differences for it, and their concentration were similar to those reported for fourbeat gaited horses [25] . Finally, RDW-SD and MVC had similar modifications, which was expected because both biomarkers reflected the similar type of evaluation of the RBCs.
Conclusion
In the present study, there was a significant reduction in the antioxidant biomarkers (GPX and SOD) in the initial recovery phase of the MST, followed a small elevation in AcUr concentration. Although the concentrations of these biomarkers returned to pretest levels after 120 minutes, accompanied by a reduction of the plasma value produced by increase in RBCs, HT, and TPP. The variations in the antioxidant biomarkers were accompanied by a significant reduction in LYMPH concentration and an increase in LEUC during recovery period, which has importance to understand the effects of the marcha gait during recovery of the post-MST in four-beat horses.
